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Protecting or restoring aquatic ecosystems in the face of growing anthropogenic pressures requires an under-
standing of hydrological and biogeochemical functioning across multiple spatial and temporal scales. Recent
technological andmethodological advances have vastly increased the number and diversity of hydrological, bio-
geochemical, and ecological tracers available, providing potentially powerful tools to improve understanding of
fundamental problems in ecohydrology, notably: 1. Identifying spatially explicit flowpaths, 2. Quantifying water
residence time, and 3. Quantifying and localizing biogeochemical transformation. In this review, we synthesize
the history of hydrological and biogeochemical theory, summarize modern tracermethods, and discuss how im-
proved understanding of flowpath, residence time, and biogeochemical transformation can help ecohydrology
move beyond description of site-specific heterogeneity. We focus on using multiple tracers with contrasting
characteristics (crossing proxies) to infer ecosystem functioning across multiple scales. Specifically, we present
how crossed proxies could test recent ecohydrological theory, combining the concepts of hotspots and hot mo-
ments with the Damköhler number in what we call the HotDam framework.
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1. Introduction

“Thewaters of springs taste according to the juice they contain, and they
differ greatly in that respect. There are six kinds of these tasteswhich the
worker usually observes and examines: there is the salty, the nitrous,
the aluminous, the vitrioline, the sulfurous and the bituminous…There-
fore the industrious and diligent man observes and makes use of these
things and thus contributes to the common welfare.”

[Georgius Agricola, De Re Metallica (1556)]

The central concerns of ecohydrology can be summarized in three
basic questions: where does water go, how long does it stay, and what

happens along the way (Fig. 1). Answering these questions at multiple
spatial and temporal scales is necessary to quantify human impacts on
aquatic ecosystems, evaluate effectiveness of restoration efforts, and de-
tect environmental change (Kasahara et al., 2009; Krause et al., 2011;
McDonnell and Beven, 2014; Spencer et al., 2015). Despite a prolifera-
tion of catchment-specific studies, numerical models, and theoretical
frameworks (many of which are detailed and innovative) predicting
biogeochemical and hydrological behavior remains exceedingly diffi-
cult, largely limiting ecohydrology to single-catchment science
(Krause et al., 2011; McDonnell et al., 2007; Pinay et al., 2015).

A major challenge of characterizing watershed functioning is that
many hydrological and biogeochemical processes are not directly ob-
servable due to long timescales or inaccessibility (e.g. groundwater

Fig. 1. Conceptual model of a catchment showing the three basic questions of ecohydrology: where does water go, how long does it stay there, and what happens along theway? Dashed
lines represent hydrological flowpaths whose color indicates water source and degree of biogeochemical transformation of transported solutes and particulates. The proportion of
residence time spent in biogeochemical hot spots where conditions are favorable for a process of interest (McClain et al., 2003) is defined as the exposure time, which determines the
retention and removal capacity of the catchment in the HotDam framework (Oldham et al., 2013; Pinay et al., 2015).
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